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BASIC-ABSTRACT: 



A plastic article having a metallic pattern on its surface is formed by shaping 
an amorphous thermoplastic resin compsn. (I) and forming a crystalline 
thermoplastic resin compsn. (11) around the first shape to make a unitary 
article having areas of (I) exposed on the surface- or alternatively shaping 
(II) and forming (I) around it to make a unitary article having the exposed 
surface areas of (I) only have increased adhesion; metal is deposited only on 
those surface areas. 

USE/ADVANTAGE - The article is a moulded blank for a printed circuit or wiring 
board. /O 

ABSTRACTED-PUB-NO: EP 256428B 

EQUIVALENT-ABSTRACTS : 

A plastic article provided on its surface with a metal pattern is produced by a 
2-shot injection moulding process using (A) an amorphous thermoplastic resin as 
the 1st shot material, which has been made as known hydrophilic and receptive 
for metallisation and (B) a crystalline thermoplastic resin as the 2nd shot 
material, which as known retains hydrophobic properties and cannot be 
metallised and surrounds (A) . The metal is pref . deposited electrolessly . (A) 
contains a filler catalysing the metal deposition, (A) is e.g, polysulphone, 
polyetherimide, acrylonitrile/butadiene/styrene terpolymer. (B) is e.g., 
polyester, PVC, polypropene. USE/ADVANTAGE - For switch boards, where the 
conductors are not in the plane of the support; a firmly adhering metal layer 
is obtd. only in the desired regions. 

(5pp) 

A process for forming a plastic article with a metallic pattern on its surface 
comprising using an amorphous thermoplastic resin compound to form at least one 
first insulating shape; using a crystalline thermoplastic resin compound to 
form at least one second insulating shape around said first shape making an 
unitary article having exposed on its surface predetermined areas consisting of 
the first shape surrounded by areas consisting of the second shape; treating 
the unitary article to adhesion promote only the exposed surface areas composed 
of the amorphous resin compound of the first shape; and depositing metal on the 
surface portions of the unitary article composed of the first shape; wherein 
the crystalline thermoplastic resin compound is selected from the group 
consisting of polyester, polyphenylene sulphide, polyetheretherketone, 
polyvinylchloride, polyethylene and polypropylene resins and combinations 
thereof. 

GB 2193847A 

GB 2193847B 

A plastic article having a metallic pattern on its surface is formed by shaping 
an amorphous thermoplastic resin compsn. (I) and forming a crystalline 
thermoplastic resin compsn. (II) around the first shape to make a unitary 
article having areas of (I) exposed on the surface- or alternatively shaping 
(II) and forming (I) around it to make a unitary article having the exposed 
surface areas of (I) only have increased adhesion; metal is deposited only on 
those surface areas. 

USE/ADVANTAGE - The article is a moulded blank for a printed circuit or wiring 
board. 
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(54) Molded, one-piece articles e.g. printed circuit boards, having selected surfaces suitable for 
adherent nrietallization, and processes for making the same . 



(57) The molded one-piece articles may be formed by molding into a first mold cavity a first portion of the 
article using a first electrically insulating material which is an amorphous polymer resin capable of being 
adhesion promoted by an adhesion promiting process and is catalytic for adherent metallization, or is 
capable of being rendered catalytic for adherent metallization by an activating process; and inserting the 
first portion into a second mold cavity and molding Into the second mold cavity a second portion of the 
article using a second electrically insulating material, leaving selected surface areas of the first portion 
exposed. The second material is a crystalline polymer resin resistant to the adhesion promotion process 
employed for the first cnateriai, non-catalytic for and incapable of being rendered catalytic for adherent 
metallization by the activating process employed for the first material. The exposed surface areas of the 
first portion of the artiqie may then be metallized, e.g.. by electroless metal deposition to form the 
metallized, one-piece article. 
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SPECIFICATION 

Molded metallized plastic articles and pro- 
cesses for making the same 

5 

This invention relates to molded one-piece 
blanks for Printed circurt boards, molded, 
metallized one-piece articles such as printed 
wiring boards, and processes for forming the 

10 blanks and metallized articles which include 
two separate molding steps to form portions 
of the articles. 

In GB-A 2,171,355 (Application No. 
8603699 of Feb. 14, 86) a method for form- 

15 ing a molded article for adherent metallization, 
such as a printed circuit board, has been sug- 
gested using a two-shot injection molding pro- 
cess which includes forming a first predeter- 
mined shape, such as a circuit pattern for a 

20 printed circuit board, by injection molding a 
first shot of electrically insulating material into 
a first mold cavity, integrating said first shape 
into a second cav]ty,and forming a second 
predetermined shape by injection molding a 

25 second shot of electrically insulating material 
into said second mold cavity. 

The article is removed from the second 
mold cavity and processed by an additive pro- 
cess to add metal on exposed surface areas 

30 of said first predetermined shape. 

In the above copending application it is fur- 
ther suggested to use as a first electrically 
insulating material one which is treatable to 
add metal thereto with strong adhesion,and as 

35 a second insulating material one which avoids 
metal adherence leaving It to a costly trial and 
error approach for selecting the two insulating 
materials, and frequently indiscriminate metal 
deposition was experienced. 

40 It is an object of this invention to form a 
molded article for adherent metallization, such 
as a printed circuit board with a circuit pat- 
tern, by a process which eliminates the prob- 
lems caused by indiscriminate metal deposi- 

45 tion. 

A furtherobject of this invention is to elimi- 
nate the trial and en-or procedure for selecting 
the electrically insulating materials for the first 
and second predetermined shapes. Molded 

50 printed circuits with three dimensional surface 
features and non-ptanar molded circuits with 
non-planar conductor patterns are among the 
metallized polymer articles that may be pro- 
duced by the process of the invention. 

55 Other objects, features and advantages of 
the invention will become more apparent from 
the following description including appended 
claims. 

The process of this invention for forming a 
60 plastic article with a metallic pattern on its 
surface comprises using an amorphous ther- 
moplastic resin compound to form at least 
one first insulating shape; using a crystalline 
thermoplastic resin compound to form at least 
65 one second insulating shape around said first 



shape making a unitary article having exposed 
on its surface predetermined areas consisting 
of the first shape surrounded by areas of the 
second shape; treating the unitary article to 

70 adhesion promote only the exposed surface 
areas composed of the amorphous resin com- 
pound of the first shape; and depositing metal 
on the surface portions of the unitary article 
composed of the first shape. 

75 It has been discovered that a polymer article 
with an adherent metallic surface pattem may 
be formed by a two-shot molding technique In 
which one molding shot utilizes a crystalline 
polymer resin and the other molding shot uti- 

80 lizes an amorphous polymer resin. The surface 
areas of the article which are to have a metal- 
lic area thereon are formed of the amorphous 
polymer resin, and the surface areas of the 
article which wilt not have metal thereon are 

85 formed of the crystalline polymer resin. The 
article fomried by the two-shot molding is ad- 
hesion promoted by conventional treatment 
techniques such as exposing the surface areas 
to strong oxidizers or to a solvent followed by 

90 strong oxidizers. The portion of the surface 
formed of amorphous polymer resin Is made 
hydrophilic and receptive to adherent 
metallization by the adhesion promoting treat- 
ment. The portion of the surface formed of 

95 crystalline polymer resin is substantially unaf- 
fected by the adhesion promoting treatment 
and remains hydrophobic and resistant to ad- 
herent metallization. Metallization is accom- 
plished by conventional techniques such as ac- 

100 tivation and electroless plating. By 'amorphous 
thermoplastic resins or polymers' are meant 
thermoplastic resins whose mechanical proper- 
ties decrease at a relatively modest rate with 
increasing temperature until the onset of their 

105 glass transition. The temperature of the onset 
of glass transition marks the limit of their abil- 
ity to bear continuous load and to remain di- 
mensionally stable. Suitable amorphous resins 
include those listed with a Tg (amorphous) in 

110 the ''Resins and Compounds" Property Chart, 
Modern Plastics Encyclopedia 1985-1986, 
Vol. 62, No. 10A, Oct. 1985, McGraw Hill 
Inc., New York, p. 448 et seq. 
By "crystalline themioplastic polymers or re- 

115 sins" are meant thermoplastic resins which 
have the ability to retain significant mechanical 
properties above their glass transition temper- 
ature range. This is due to their crystalline 
bonds and the fact that the crystalline melting 

120 point of a polymer always is substantially 
higher than its glass transition. Among the 
crystalline resins are those listed with a T„ 
(crystalline) in the "Resins and Compounds" 
Property Chart, Modern Plastics Encyclopedia 

125 1985-1986, supra. 

In one aspect, this invention concerns an 
improved method of making a plastic insulat- 
ing body with a conductive metal pattem ad- 
hered to Its surface. The plastic Insulating 

130 body is preferably made with two or more 
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insulating resin compounds by a two-shot or 
insert molding technique. Individual conductors 
of the conductive pattern are insulated from 
each other and from other conductors by the 
5 insulating resin compounds used in both mold- 
ing shots. In order to form the conductive 
metal pattern on the surface of the plastic 
body and adhering thereto, the plastic insulat- 
ing body is molded with the portion of its 

10 surface to be metallized comprising a first in- 
sulating resin compound, and the portion of 
Its surface to be disposed iaround the metal 
portion of the pattern comprising a second 
insulating resin compound. The resin com- 

15 pounds are selected so that the portion of the 
surface comprising the first insulating resin 
compound may be adhesion promoted and 
made hydrophilic by an adhesion promoting 
process, and the portion of the surface com- 

20 prising the second insulating resin compound 
is hydrophobic and not affected by the adhe- 
sion promotion process, or can be made hy- 
drophobic during the metallization process. 
The invention Is also concemed with the 

25 manufacture of three dimensional bases for 
printed circuits where the surface conductor 
features are not confined to planar surfaces, 
but can comprise any three dimensional fea- 
tures which can be mold. 

30 It has been discovered that amorphous poly- 
mer resins may be adhesion promoted for ad- 
herent metal deposition by known chemical 
oxidizing systems. Surprisingly, it has also 
been discovered that crystalline polymer resins 

35 are resistant to the chemical oxidizing systerns 
used to ad hesion promote surfaces consisting 
of amorphous polymers. The surfaces consist- 
ing of crystalline resins remain hydrophobic , 
while surfaces consisting of amorphous resins 

40 are easily adhesion promoted and made hy- 
drophilic. Among the chemical oxidizing sys- 
tems used to adhesion promote polymeric sur- 
faces are plasma systems or oxidizing solu- 
tions of chromic acid or of permanganates. 

45 Frequently, a solvent or a solvent mixed with 
water is used as a pretreatment for the plastic 
surface before it is treated with the oxidizing 
solution, which makes it hydrophilic. 
A suitable method of forming the conductive 

50 metal pattern on the adhesion promoted porr 
tlon of the surface is by electroless metal de- 
poisition. 

In a prefen-ed form of the invention, a plas- 
tic Insulating body is molded with the first 

55 molding shot, the first insulating resin com- 
pound being an amorphous thermoplastic resin 
containing a catalyst for electroless metal de- 
position, and the second molding shot being a 
second insulating resin compound which is a 

60 crystalline thermoplastic resin. Fillers for the 
amorphous thermoplastic resin may be treated 
with catalysts for electroless metal deposition. 

It is well known that crystalline polymers 
are only partially crystalline. X-ray results 

65 show conclusively that crystalline regions in 



polymers extend no more than a few hundred 
angstrom units even in the direction of the 
polymer chains. Since polymer molecules 
when completely extended (as they are in the 
70 crystals) are several times this length, the 
crystals can contain only section of molecules. 
The polymer molecules pass successively 
through several crystalline and amorphous re- 
gions. Most crystalline polymers are estimated 
75 to be 50 to 75% crystalline, although some 
are known to be 75 to 85% crystalline. When 
using an injection molding process with an 
amorphous resin for one shot and a crystalline 
resin for another shot according to the inven- 
80 tion, the amorphous and crystalline resins se- 
lected should join together when molded to 
form a single self-adherent unit. It has been 
discovered that the bond joining the second 
shot resin is improved by preheating the first 
85 shot insert to a temperature just under the 
onset of glass transition, Tg, for amorphous 
thermoplastic inserts, or just, under the crystal- 
line melting temperature, T„, for crystalline 
thermoplastic inserts. The inserts are heated 
90 to 20* to 80*C below the T^ or T„, preferably 
40**to 70*»C below Tg or T„. 

It has also been discovered that the Injec- 
tion time for the second shot should be less 
than 0.5 seconds, and preferably less than 
95 0.3 seconds in order to get optimum adhesion 
and filling of the mold. 

To improve the adherence between dissimi- 
lar resins in the first and second shot, the 
first shot mold can be textured at the areas 
100 which will be in contact with the second shot. 
The mold walls would not be textured in 
areas corresponding to portions of the first 
shot which will form part of the surface of the 
molded plastic insulating base. All surfaces 
1 05 that will be adhesion promoted are preferably 
polished or smooth in order to achieve a 
smooth metal coating thereon. 

Surfaces of second shot molding which are 
not to be plated should be highly polished to 
110 provide a smooth, hydrophobic surface that 
resists extraneous metal deposition. 

An amorphous engineering polymer which Is 
easily adhesion promoted Is preferably se- 
lected for the surfaces to be metallized, and a 
115 crystalline engineering polymer which is hydro- 
phobic and resistant to adhesion promotion is 
preferably selected for the surfaces which are 
not to be metallized. A crystalline polymer is 
not completely crystalline. It contains both 
120 crystalline and amorphous portions. The 
amount of crystallinity depends to some ex- 
tent on the molding temperature and molding 
cycle. The crystallinity can be decreased by 
additives, plasticizers, polymer blending or al- 
125 loying, copolymerization, and side chains on 
the resin molecule. By increasing the amor- 
phous character of a crystalline resin, the 
same generic resin can be used for both 
moldings, a resin with a high percentage of 
130 amorphous character for the molding to be 
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adhesion promoted and metallized, and a simi- 
lar resin with a high percentage .of crystallinity 
for the hydrophobic molding which Is resistant 
to adhesion promotion. Good adhesion be- 
5 tween the two moldings is insured by using 
the same generic resin for both moldings. 

The resins can be provided with fillers for 
reinforcement and with colorants. It Is pre- 
ferred to add a filler catalytic for electroless 

10 metal deposition to the amorphous resin, or 
the resin whose surface is to be plated. 

The catalytic filler may be 0.5 %, preferably 
3 to 15%, based on the thermoplastic resin. 
Fillers containing trace amounts of iron, and 

15 some colorants containing carbon black and 
copper phthalocyanine pigments should be 
avoided in the crystalline resin which is not to 
be metallized. The said fillers and colorant 
sometimes catalyze extraneous electroless 

20 metal deposition on the hydrophobic resin sur- 
face. 

Especially suitable as insulating materials for 
the circuit pattern are the non-crystalline, 
amorphous thermoplastics. The amorphous 
25 thermoplastics are preferred for the circuit pat- 
tern because they can be adhesion promoted . 
for adherent electroless metal deposition by 
treatment with aqueous solutions of strong 
oxidizers such as chromic acid or permanga- 

30 nate, or by the swell and etch technique 
which uses a solvent treatment to enhance 
the action of the oxidizers. Among the amor- 
phous, high temperature, thermoplastic ma- 
terials useful for this invention are polyetheri- 

35 mides, and the sulfone resins, polysulfone, po- 
lyarylsulfone and polyethersulfone. These re- 
sins are in the group Icnown as engineering 
plastics. Other suitable amorphous resins with 
lower service temperature include ABS (acryl- 

40 onitrile-butadiene-styrene copolymers). The 
plateable grades of ABS can be adhesion pro- 
moted without a solvent swell. 

Particulariy preferred materials for the sec- 
ond insulating material are crystalline, high 

45 temperature, thermoplastic resins which are 
hydrophobic and not affected by the adhesion 
promotion techniques used to adhesion pro- 
mote the amorphous resins preferred for the 
first insulating material. Among the crystalline, 

50 high temperature, thermoplastic resins suitable 
for this purpose are polybutylene terphthalate, 
polyethylene terphthalate, polyphenylene su- 
lfide and polyetheretherketone. These high 
temperature resins are also in the group 

55 known as engineering plastics. Suitable crys- 
talline resins for low temperature sen/ice 
which are unaffected by the processes used 
to adhesion promote amorphous resins of the 
first shot are believed to include polyvinyl 

60 chloride, polyethylene and polypropylene. 
In injection molding thermoplastics, it is 
standard practice to dry the resin before 
molding. To practice this Invention by injection 
molding, it has been found that the drying 

65 process is more critical for water vapor than 



most molding processes, and even more criti- 
cal than normal for engineering plastic mold- 
ing. Requirements are more stringent than nor- 
mal practice where the primary attribute of the 

70 finished molding is Its appearance. Traces of 
moisture remaining in the resin used to make 
the first shot will make the part stressed and 
porous, and when the second shot is molded, 
the heating of the first shot will be uneven 

75 due to the porous portions of the insert. The 
result will be poor filling of the mold by the 
second shot due to temperature variations. 
Moisture in the second shot resin will also 
induce stress, poor bonding between the first 

80 and second shot, and Impede the filling of the 
mold due to expansion of the water vapor 
with heat. Attempts to overcome traces of 
moisture in the second shot resin require 
more heat or more pressure and result in dis- 

85. torting the insert. Further, the stresses in- 
duced by traces of water in the resin affect 
the post molding adhesion promotion and 
plating processes. 
One method of adequately driving off mois- 

90 ture from the engineering plastic resins is to 
heat the resin to 120° to 170X for three to 
four hours. In addition to the standard practice 
which requires the operating temperature of 
the drier to be 120* to 170X, it is necessary 

95 to measure the temperature at many points in 
the resin batch not only the center but also 
the edges, and insure that all portions of the 
resin are at drying temperature. The first shot 
molding or insert is preheated before it is in- 

100 serted into the second shot mold. The preheat 
temperature is preferably below the glass tran- 
sition temperature of an amorphous resin, or 
. below the heat distortion temperature of a 
crystalline resin. If the temperature of the in- 

105 sert is too low, there will be voids In the 
second shot and poor adhesion leading to 
separation between the first and second mold- 
ings. 

The injection molding press and the gating 

110 of the mold should be selected to fill the sec- 
ond shot mold in less than 1 second, prefera- 
bly in less than 0.5 second, and more prefera- 
bly in less than 0.3 second.The optimum 
molding temperature for adherence of the sec- 

1 15 ond shot to the first shot insert is in a narrow 
range. If the mold is not filled in under 0.5 
seconds, it is difficult to achieve good temper- 
ature control and good adherence. If the tem- 
perature Is controlled by raising the mold tem- 

120 perature instead of filling the mold faster, 
there is a danger of softening the insert and 
moving the surface features of the insert out 
of position. 
The molded article is stress relieved by 

125 placing it in an oven; raising the oven temper- 
ature to 200°C; holding the article at tempera- 
ture for four hours; and then cooling the arti- 
cle in the oven. 
After the article is stress relieved, it is ad- 

130 hesion promoted by a prior art swell and etch 
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prbcedure comprising immersion in a solution 
of 90% dimethytformamide and 10% water 
and etching in an aqueous chromic/sulfuric 
acid solution. After neutralization, the desired 
5 metal! pattern is formed by a prior art process 
of electroless metal deposition. 

The preferred electroless copper plating so- 
lution solution comprises 0.05 m /I copper, 
0.08 m /I ethylenediaminetetra-2-propanol, 

10 0.05 m/l formaldehyde, 0.00 9 m/l alkylphe- 
noxyglycidoiphoisphate ester (Gafac RE 610(B)), 
0.0002 m/l sodium cyanide O^y specific ion 
electrode), 0.007 m/l potassium selenocyarv- 
ate, and alkali metal hydroxide to pH of 12.8 

15 at 25^C. The copper plating is uniform and 
free of breaks or pin holes and no cppper is 
deposited on the smooth shiny surface of the 
crystalline material. 

20 EXAMPLE . 

A two-shot molded printed circuit base was 
prepared by the following procedure: 

The first shot was molded of an amorphous 
thermoplastic resin compound containing a 

25 catalyst for electroless metal deposition. The 
thermoplastic was a polyarylsulfone resin (Ra- . 
del PXM® 85113) containing 3% of a clay 
filler treated with 1 100 ppm palladium (Cat 
10®). This was molded with elevated surface 

30 features corresponding to the areas which 
were to be metallized to form a printed circuit. 

Before molding the polyarylsulfone resin it 
was dried for four hours at 120*^0. 
The first shot was molded in a horizontal 

35 100 ton injection molding machine with a 142 
g barrel. This first shot including the runner 
and sprue, weighed 7.6 g, and without the 
runner and sprue, it weighed 3.2 g. The barrel 
temperatures were: rear zone 350X, center 

40 zone 360°C, front zone 360X and nozzle 
365°C. The mold temperature was 120°C and 
the injection pressure 90 MPa; there was no 
back pressure. The injection time was 0.5 
. seconds, the holding pressure 40 MPa and the 

45 holding time 1 .8 seconds. The cure time was 
12 seconds. 

The second shot was molded around the 
first shot not covering the elevated surface 
features. A crystalline thermoplastic resin 

50 compound, polyphenylene sulfide (Ryton R-4®) 
was used, for the second shot. The second 
shot weighed 19.7 g, including the runner and 
sprue, but not including the first shot insert, 
and 14.9 g excluding the runner and sprue 

55 without the insert, and 18.1 g with the insert. 
Before molding the second shot, the poly- 
phenylene sulfide resin compound was dried 
for three hours at 120*'C. The first shotinsert 
was heated to 1 50X before loading it into 

60 the mold for the second shot. The barrel tem- 
peratures for the second shot were: rear zone 
255°C, center zone, front zone and nozzle 
260°C. The mold temperature was ISS^'C and 
the injection pressure 97 MPa; there was no 

65 back pressure. The injection time was 0.01 



seconds, the holding pressure 44 MPa and the 
holding time 8 seconds. The cure time was 
15 seconds. 
This produced a mold plastic base with a 
70 surface pattern of amorphous polyarylsulfone 
corresponding to the desired metal conductor 
pattern, and crystalline polyphenylene sulfide 
corresponding to the desired surface insulating 
pattern. 

75 The amorphous polyarylsulfone portion of 
the surface was adhesion promoted. The crys- 
talline polyphenylene sulfide resin was unaf- 
fected by the adhesion promotion process. 
The adhesion promotion exposed the catalytic 

80 filler in the amorphous resin surface, and the 
amorphous resin surface was electrolessly 
plated with copper using the preferred plating 
solution mentioned hereinbefore; A layer of 25 
fjxn of copper was deposited on the adhesion 

85 promoted amorphous resin surface and no 
copper on the crystalline resin surface. 

CLAIMS 

1 .' A process for forming a plastic article 

90 with a metallic pattern on its surface compris- 
ing using an amorphous thermoplastic resin 
compound to form at least one first insulating 
shape; using a crystalline thermoplastic resin 
compound to form at least one second insu- 
95 lating shape around said first shape making a 
unitary article having exposed on its surface 
pre-determined areas consisting of the first 
shape surrounded by areas of the second 
shape; treating the unitary article to adhesion 

100 promote only the exposed surface areas com^ 
posed of the amorphous resin compound of 
the first shape; and depositing metal on the 
surface portions of the unitary article com- 
posed of the first shape. 

105 2. A process for forming a plastic article 
with a metallic pattern on its surface compris- 
ing using a crystalline thermoplastic resin com- 
pound to form a first insulating shape; using 
an amorphous thermoplastic resin compound 

1 10 to form a second insulating shape over the 
first insulating shape making a unitary article 
having exposed on Its surface predetermined 
areas of the first shape surrounded by areas 
of the second shape; treating the unitary artl- 

115 cle to adhesion promote only the surface 

areas composed of the amorphous resin com- 
pound of the second shape; and depositing 
metal on the surface portions of the unitary 
article composed of the second shape. 

120 3. The process of claims 1 or 2 wherein 
the metal Is deposited by electroless metal 
deposition. 

4. The process of claims 1 or 2 wherein 
the amorphous thermoplastic resin compound 

125 contains a catalyst for electroless metal de- 
position. 

5. The process of claims 1 or 2 wherein , 
the amorphous thermoplastic resin compound 
is selected from the group consisting of poly- 

130 sutfone, polyethersulfbne, polyarylsulfone, po- 
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lyetherimide and acrylonitrilebutadiene-styrene 
copolymer resins and combinations thereof. 

6- The process of claims 1 or 2 wherein 
the crystalline thermoplastic resin compound is 
5 selected from the group consisting of poly- 
ester, polyphenylene sulfide, polyetheretherke- 
tone, polyvinylchloride, polyethylene and poly- 
propylene resins and combinations thereof. 

7. The process of claims 1 or 2 wherein 
10 the second insulating shape is formed on the 

first insulating shape by an injection molding 
process. 

8. The process of claims 1 or 2 wherein 
the first insulating shape is formed by injection 

15 molding. 

9. The process of claims 1 and 8 wherein 
the first shape is preheated to a temperature 
just below the onset of glass transition before 
molding the second Insulating shape around it. 

20 10. The process of claims 2 and 8 wherein 
the first shape is preheated to a temperature 
20** to 80°C below the crystalline melting tem- 
perature before molding on the second insulat- 
ing shape. 

25 11. The process of claims 7 or 8 wherein 
the injection time for the injection molding 
process of the crystalline insulating material is 
less than 0.5 seconds, and preferably less 
than 0.3 seconds. 
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